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604a Tuesday, February 18, 2014implementation is similar to confocal fluorescence microscopy, consisting of
scanning the sample with a tightly focused laser beam to build an image pixel
by pixel[1]. Point-scanning techniques have the intrinsic drawback that their
temporal resolution is limited, reducing their applicability to dynamic samples.
New techniques have emerged that allow faster TPEF imaging by making use
of line scanning[2], wide-field temporal focusing[3,4], or a combination of the
two[5].
Because of the quadratic relationship between two-photon fluorescence signal
and excitation intensity, these methods are not equivalent in terms of achiev-
able signal for a given speed, field of view, and excitation laser characteristics.
Since photo-bleaching mechanisms occur via pathways involving multiple en-
ergy levels, the photo-bleaching rate also depends non-linearly on the excita-
tion intensity[6].
We present here a comparative quantitative study of the signal levels and
photo-bleaching rates for these different TPEF techniques, using in vivo
imaging conditions and widely-used fluorescent proteins. This study will
help scientists to choose what technique is best for their particular conditions
and requirements.
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In eukaryotic cells mRNA plays a key role in gene regulation through various
processes throughout the cell. Direct observation of endogenous mRNA in
living cells promises a significant comprehension of this refined process
regulation. Recently a number of fluorescent probes for mRNA have been
developed including our fluorescent antisense probe. However, quantitative
monitoring of intracellular mRNAs has been difficult. In this study, fluores-
cence correlation spectroscopy (FCS) was used to quantify the hybridization re-
action of fluorescent antisense probes with mRNA. When antisense probes
hybridize with the target mRNA, which form large complexes, they will
show slower diffusion than unbound probes in a free state. Antisense 2’-O-
methyl RNA probes for GAPDH mRNA labeled with Cy3 were microinjected
into the cytoplasm of COS7 cells and the fluorescence intensity of the confocal
volume was analyzed by FCS. As we expected, probes hybridized with mRNA
showed slower diffusion times than those of unbound probes. Two probe frac-
tions having different diffusion times were observed, suggesting that we de-
tected both antisense probe/mRNA-hybrid and unbound probes. The fraction
ratios of bound and unbound probes were different among cells, reflecting
the different concentration of expressed endogenous GAPDH mRNA ranging
from 32.0 nM to 109 nM with an average of 71.7 nM. We then applied this
method to the observation of mRNA decay in living cells. Time-lapse quanti-
tative analysis of GAPDH mRNA during siRNA-mediated RNA interference
allowed the monitoring of mRNA decay in live cells. These results indicate
that our method will be a powerful tool for monitoring gene activity in real
time.
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Rapid identification of bacterial species is crucial in medicine and food
hygiene. For instance, bacterial invasion-related syndromes such as sepsis,
pneumonia, abscess, meningitis, gastroenteritis and food poisoning require
rapid cures which are appropriate for the invaded bacterial species. However,
conventional culture-based or molecular-assay technologies do not match
this time requirement in general, mainly due to their limited sensitivity.
Here, we present the potential of quantitative phase imaging (QPI) techniques
(1) for identification of bacterial species at single bacterium level. Employment
of various QPI modalities provides the corresponding biophysical and
biochemical properties of the bacterial cell in a rapid and label-free manner.
First, we employed anisotropic Fourier transform light scattering (2) and
demonstrated that light scattering from individual bacterium reflects structuralinformation sufficient for identification of rod-shaped species. Second, the
potential of spectroscopic QPI (3, 4) for extracting chemical composition of
the bacterium with sub-genus sensitivity is suggested.
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The majority of solid cancers contain poorly oxygenated areas. Cells react to
oxygen limitation by genetic and biochemical reprogramming that decrease
mitochondrial functions and drives glucose utilization for energy production.
Louis Pasteur observed the effects of oxygen availability on the balance be-
tween oxidative phosphorylation and glycolysis more than a century ago.
Normal mitochondrial function is a critical factor in maintaining cellular
homeostasis in various organs of the body. Due to the involvement of mito-
chondrial dysfunction in many pathological states, the real-time in-vitro moni-
toring of the mitochondrial metabolic state is crucially important. Hypoxia is
one of the features of poorly vascularized areas of solid tumors but cancer cells
can survive in these areas despite the low oxygen tension. The adaptation to
hypoxia requires both biochemical and genetic responses that culminate in a
metabolic rearrangement to counter-balance the decrease in energy supply
from mitochondrial respiration. The understanding of metabolic adaptations
under hypoxia could reveal novel pathways that, if targeted, would lead to spe-
cific death of hypoxic regions. Deprivation of oxygen reduces oxidative phos-
phorylation and rapidly causes an increase in cellular NADH, which can be
monitored by multiphoton microscopy imaging. Previous studies using fluorim-
etry have been established that increases in NADH fluorescence accurately
reflect the impairment in oxidative phosphorylation during brief periods of
acute hypoxia. However, the potential usefulness of multiphoton imaging for
following longer, clinically relevant periods of ischemia has not been explored.
We studied changes in NADH fluorescence in live HeLa cells perfused with
only 10% of oxygen creating a hypoxia microenvironment for periods as
long as 1 min, 15min and 30minutes respectively. This type of monitoring in
live cell models provides real-time data that can help interpret experimental re-
sults and understand better understanding of metabolism of cells under hypoxia
conditions.
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The ability to measure accurate kinetic binding rates of ligand-receptor and
receptor-receptor interactions is important in order to study the triggering of
signaling events in cell membranes. We apply an image analysis technique,
k-space image correlation spectroscopy (kICS), to measure the kinetic binding
rates of ligand-receptor interactions from fluorescence video-microscopy data
occurring within a thin plane of illumination. We consider two different kinds
of experiments where: (1) fluorescently tagged ligands in solution bind and
unbind dynamically to unlabeled receptors which are allowed to diffuse in
the imaging plane and, (2) fluorescently tagged, diffusing receptors in the
imaging plane interact with other (possibly non-fluorescing) receptors and
interconvert between two diffusive states. For system (1), by measuring image
intensity fluctuations of fluorescently labeled human doublecortin proteins in
solution (2.5 nM), binding to microtubules adhering on a sample substrate,
the kICS method accurately determines kinetic dissociation rates (kd =
1.6 5 0.2 s1) as well as diffusion coefficients (0.38 5 0.19 mm2/s) of the
